





8. The Board's recommendation that a regnlation be promulgated to
require that life preservers be available to personnel who perform
duties in locations where it would be difficult in an emergency for
them to return to their quarters to procure a life preserver is con-
curred in. Since the bridge and engineroom watches are alresdy pro=
vided for in the regulations, the matter of providing the Lockout with
a life preserver will be referred to the Merchant Marine Council for
consideration.

©, The Board's corments concerning the organization and training of the
crew in emergency procedures is not entirely concurred in. When con-
sideration is given to all the circumstances involved, it appears
remarkable that there was no greater loss of life. DPecause the Maritime
Administration has been involved in the past with the training of
merchant marine personnel, a copy of the Board's report will be forwarded
to the Administrator for such action as he considers to be appropriate,.
The Coast Guard will review existing requirements for merchent vessels
to hold emergency drills and will consider appropriate revisions to.
rajise the standards of competence of merchant marine persomnel in such
dI'i]..lS. .

10, -The Board!s recommendation that the instrumentation of tark vessels
be radically improved so that the vapor conditions inside cergo tanks
can be quickly determined and continucusly monitored is approved fo the
extént that explosimeters (combustible -gas indicators) are now required
on all marmed U, S. flag tank vessels.

11, Subject to the foregoing remarks, the Record of the Marine Board of
Investigation is approved.

W. D, alELns
Viee Admival, U, S, Cossl Goard
Avting Comumandant




UNITED STATES COAST GUARD

ARDRESS RIALY TO:

Officer in Charge
Marine Inspection
618 Second Avenue
Seattle 4, Washington

5943/36-64
2 2 MAY 1964

From: Marine Board of Investigation
To: Commandant

Subj: SS BUNKER HILL, O.N, 241 580; fire and explosion,
subsequent sinking on 6 March 1964 in Rosario Strait
near Anacortes, Washington, with loss of life

FINDIRGS OF FACT

1. The SS BUNKER HILL was underway from Tacoma, Washington to
Anacortes, Washington in Rosario Strait on 6 March 1964 when
commencing at approximately 0402 P,S.T. she experienced a series
of explosions, accompanied by fire and smoke, which broke the
.vesseg into two or more portions. In less than an hour all major
parts of the vessel had sunk. The vessel was without cargo and
was not gas free as defined in 46 CFR 30.10-29, She was partially
ballasted in No, 6 center tank. As a result of this casualty

the Master and four other members of the crew, who were in the
midship house, are missing, :

2. The SS BUNKER HILL, O.N, 241 580, was a T-2 tank ship,

built in 1942 at Chester, Pennsylvanlia. She was 10,590 gross
tonsi 6,417 net tons, steam turbo-electric drive, and 504' length,.
68.2" breadth and 39.2' depth. She was owned by Keystone Tank-
ship Corporation (Delawareg. The operator was Keystone Shipping
Company, Philadelphia, Pennsylvania, and her home port of record
was Wilmington, Delaware. She was last certificated by the

Coast Guard for Ocean routes on 21 September 1962 at the port

of Portland, Oregon. The mid-periocd inspection was conducted

on 24 July 1963 in Portland, Oregon., The last drydock examination
was by Portland, Oregon Marine Inspection Office persomnel on

26 June 1963 at Swan Island Shipyard, Portland, Oregon,

The BUNKER HILL had a 7,000 horsepower main propulsion unit
as compared with the usual 6,000 horsepower installation typical
of T-2 tankers. This was accomplished by an electrical modifi-
cation of the main propulsion motor. The propulsion generator,
turbine, and bolilers had sufficient capacity to provide a 7,000
horsepower output without change. As a result of this change,
the BUNKER HILL was capable of higher speed than the.typical
standard T-2.
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3. The persons who are missing as a result of this casualty
to the 8S BUNKER HILL are as follows:

i J. ABRAHAM,
, Master's Li serving .
s next of kin 1s Mrs. same address,
, T
q as Masteri serving as Chie! Mate, H!s next

same address.

Robert
License No.
of kin is Mrs.

»
or

same

, Llcense No, as o
Third Mate. His next of kin is Mrs.
address.,

exving as OQuartermaster. His next o!

UsMMD Mo,
same address.

;8

win 2o e T

usqd No., IR :crving as Steward. His next of ldin are
daughter, c¢/o Wolfstone & Piehler,

I
Attornmeys at Law, Central Building, Scattle, Washington; [
-' stepfather, ]

4. The following persons were reported injured as a result of
the explosion and fire and the subsequent exposure and immersion

during the abandonment of the S5 BUNKER HILL:

Quartermaster -- _ S
Able Seaman -- _

Chief Pumpman,

: .Fireman!w:atertender - - _ .
: Wiper - - : I ' _
Chief Cook -—' -

2
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“Utilityman -— S

Utilityman -

‘Galleyman - |

BOgtswaih -

Méasman'-!llllll!lll_ P S

5._'Wéathér'¢onditions'aé the time and place of the casualty
were as follows: clear night, visibility 10 miles, wind
5 knots from SE, sea calm. Weather and sea conditions played

no part in this casualty.
>

6. Tha'BUNKER-HiLL*S’éar'o taﬁks were arranged as'showﬁfin
the General Arrangement Plan, Exhibit 4, which is a typlcal

cargo tank arrangement for a T-2 tanker. The vessel

ad departe

Anacortes on 3 March 1964 with a ecargo of combustible and . -
flammable petroleum products scheduled for discharge in Seattle

and Tacoma.
TANK NO.
' Deep Tanks

PORT

No. 1.
No.
No. kerosene
No. ' o gagbiigé_-

"Nég- 'gasoiine

o W B W N

‘No.
oil

No. 7 ;fi "fgasoiine.f'

No. 8
No. 9

" desel oil
‘diesel oil
 diesel oil

'héavylfdél'-

 .gaso1iné_ '

_ gasoline

ﬁo taﬁk“ 
ﬁd fank
gasoiihef3 
kéroéené.

gasoline

gasoline

_heavy_fﬁel":
oil = -

éasoliﬁe  }_
'gésoliné;“ f

'_gasoline

3

She was loaded in accordance with the following plan:
. poRT R STARBOARD |
 '&1ese1'o11
'_diesei.qil
' diese1'oi1_'

kerosene .

gasoline -

gasoline

 heav?-fu§1_f S

  3§§91iné'

gasoline

~ gasoline
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7. On 4 and 5 March 1964, the SS BUNKER HILL was in the

Puget Sound ports of Seattle and Tacoma discharging her cargo
of diversified petroleum products. Immediately after unloading
the last of her cargo, she took departure from Tacoma at about
2330 P.S.T., 5 March 1964, bound for Anacortes, Washington
where another petroleum cargo was awaiting her. The distance
to Anacortes from Tacoma is 86 miles and the expected duration
of the run wasg about 6% hours in good weather. At the time

of departure, the vessel's draft forward was 2'06" and draft
aft was 19'06", so that there was a drag of 17 feet.

8. Shortly after getting underway, cargo tank washing operations
commenced under the supervision of Chief Mate Robert H. BLAKE,
The tank washing operations were for the purpose of readying

the BUNKER HILL for loading the next petroleum cargo in
Anacortes, and to assure, thereby, that there would be no cargo
contamination, The estimated time of arrival in Anacortes was
about 0600 on 6 March, and the washing operation was to be
completed before the vessel's arrival there.

9, The Coast Guard Certificate of Inspection required the
following manning scale:

Master

Chief Mate

Second Mate

Third Mate

Radio Officer

Chief Engineer

First Assistant Engineer
Second Assistant Engineer
Third Assistant Engineer
Able Seamen

Ordinary Seamen
Firemen/Watertenders

Ollers

Other persons as crewmembers,
authorized

In addition to the crew, authorized

Total

o [ =] .
tmlb L0 Lo L) G s b et b ot b b e

The last Coastwise Shipping Articles and Form CG-735T, ''Report
of Ship Personnel not Shipped or Discharged before a U. S.
Shipping Cormissioner,” as modified by sign-ons and discharges
in the Puget Sound area, listed a crew of 42 and the Master,

a total of 43 persons. When the vessel departed Tacoma on

the evening of 5 March 1964, there were only 30 crewmembers
on board including the Master, A "Night Engineer' Clyde Louis
HAMMER, licensed as Chief Engineer - steam - any horsepower,

4
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was not on Articles but was on & scheduled engine room

watch from 1700, 5 March to 0800, 6 March, and he was the

31st person on board for the voyage from Tacoma to Anacortes.
Only one of the regularly as licensed engineer officers
was on board, Chief Engilneer The deck officers
on board were Captain M, J. ABRAHAM, Chief Mate R, H, BLAKE,

d Junior Third Mateq‘ Another Mate,
_ arrived at the pier in Tacoma just as the

HILL cast off lines and departed the pier. Chlef Mate
called out t meet the ship in Anacortes.
e Radio Officer, departed the vessel on
2 March 1964, returning to his home in Richmond, California,
and he was not on board for this voyage. The required number
of unlicensed deck and engine room crew to stand proper watches
were on board.

At the time of departure from Tacoma, the vessel was manned
as follows:

licensed Personnel

" Master
Chief Mate .
Junior Third Mate
Chief Engineer
Asgistant Engineer _
(Night Engineer HAMMER)
5 Subtotal

ek it ek et et

Unlicensed Personnel

Able Bodied Seamen
Ordinary Seamen
Oilers
Firemen/Watertenders
Other persons
Subtotal

[
d Homn

Grand total

ter the deck department had unmoored the vessel, Mr,

ipned certain of them to ta n Boatswain
Deck Maintenanceman , and Chief
performed this work under Mr.

immediate supervision. The plan was to pump down and
strip the No. 1 port and starboard tanks. The No. 2 tanks _
across (No. 2 port, No. 2 center, and No. 2 stbd.), the No, 3
tanks across, and the No, 9 tanks across were to be cold water
washed, pumped down as much as possible with the electric
stripping pumps, and then dried by use of the vessel's gas

exhauster.
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11. The gas exh-uster is a device operating on the venturi
principle utilizing auxiliary steam at about 150 p.s.i. to
draw liquid and vapor from a tank via its cargo suction line
and discharge line., The liquid that is picked up by the
suction from the gas exhauster in the cargo suction line goes
bK the stripping pump suction and is picked up by that pump,
while the vapor contlnues past the pump into the discharge
1ine and out through the gas exhauster. A detailed description
of the type gas exhauster on the BUNKER HILL is found in
Exhibit 7, The gas exhauster was called the ''bazooka" by the
crewnembers of the BUNKER HILL, and it will be referred to
by that name in this report.

12, Chief Puwpman ngmped down the residue of No. 1
tanks, port and starboard, by taking suction with the so-
called No. 1 special pump (a reciprocating steam pump in the
forward pump room) and discharging the diesel oil residue from
these tanks directly into the forward pump room bilges. In
this way, about 50 gallons of diesel oll were added to the
forward pump room bilges. The No. 1 tanks, port and starboard,
were not washed.

13. on deck, Mr. | directed _ and I to rig a

wash hose (a Bytterworth hose about 50 feet long with the end
cut off). Mr. ordered a 10-minute cold water wash of
each of nine tanks across, 3 across and 9 across). For a
typical tank, this was done by lowering the wash hose through
the ullage opening approximately 4 to 6 feet into the tank and
directing a stream of water into the tan sh water was
obtained from the fire main. Meanwhile, lined up the
two electric stripping pumps in the after ﬁump room so that
suction could be taken from these nine tanks via the No. 3 main
line. Suction was controlled for an individual tank by opening
and closing the suction valve in the tank, using the reach rod
to the main deck. : :

The discharge lines from No. 1 special pump, No. 2 wing
special pump, and No. 2 cen ecial pump, were drained on
deck in accordance with Mr, orders. Because of the
pronounced trim by the stern, the petroleum products draining
on deck ran aft to the after scuppers and then drained over
the side into Puget Sound. The deep well pump discharge line
was drained directly over the side by weans of a hose. CRIBBINS,
SHEA, and all participated in the above operation as
a team, under the supervision of Mr. After the tanks
had been thus water washed, pumped as dry as possible, and the

lin , Mr. I released CRIBBINS and SHEA. Mr,
and remained to perform the last operation with the
ooka.

baz
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14, _ lined up the valves in the after pump room for

- the bazooka operation, obtained from the engine room an increase
in the deck steam line pressure (to about 150 p.s.i.), and
lined up the bazooka itself which was located on the upper deck
M& just aft of the midship house. Next, Mr.ﬂand

| working together, applied the bazooka to each of the

nine tanks which had been water washed. The bazoocka was applied
for about 5 minutes to each tank., Conditions in the tanks were
observed through the ullage openings, illumination being provided
by flashlight. The bazooka operation was completed at about 0320,
6 March 1904,

15. The method used for draining lines, tank washing, stripping,
and gas exhausting was intended only for the purpose of preventing
contamination of the next cargo of petroleum products. 1t was
not intended to produce in the cargo tanks a gas free condition
(as defined by 46 CFR 30,.10-29).
16. Upon completion of the bazooka operation, _ securad
the necessary valves in the afﬂmp room and sccuracd the
electric stripping pumps; Mr. secured the bazooka. F
remained below in the after pump room to line up certain blinds
1nks in preparation fo civing the aooxt carge., VWhile
was doing this, Hr.rﬁ entered the after pump room
to check the scaling of certain valves and to assure that trhe
valve arrangement was proper; he then departed. v, did
not record the seal numbers at this time. complisted
his work and departed the after pump room at about 0350,

17. At 0350, 6 March 1964, when Chicf Pumpnman _‘nad
completed his work in the after pump room, all cargo valves werc
closed there, except No. 9 special, in expectation that loading
the new cargo would not be through the after pump room. On

deck, some of the ullage holes were open and without flame screens.
This was the usual practice on the BUNKER HILL when in Puget

Sound, for the purpose of airing out the cargo tanks.

18. At about 0350, 6 March 1964, the various watches on deck
and in the engine room commenced changing. JIn the engine room
assumed the watch as Oiler and took
“over the watch in the boiler room. Mr. the night
relief ing > d on watch without relief, On the '
bridge assumed the watch as Quartermaster, Mr,
e Junior Third Mate, continued as deck
watch officer without relief. The Master, Captain M. J, ABRAHAM,
also continued his piloting duties on the bridge. In the bow,
I - - BN - bov loolkout. As
approached, all deck work had ceased, the watch had been
relieved, and the vessel was proceeding on a northerly course
in Rosario Strait at a speed of a2bout 15 knots. All operating

equlpment and machinerﬁ.was functioning normally and there were
no signs apparent to those on board o the impending catastrophe.

7
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19, At about 0402 the BUNKER HILL experienced a violent
explosion between the midship house and the after deck house.
The vessel broke between the midship house and after deck
house. The forward section veered off to port and the after
section commenced listing to starboard. The vessel's two
sections were connected on the port side for a brief time, then
broke apart. Smoke and flames were in evidence in way of the
break, '

Ashore, the explosion appeared as a large bright flash on
the western horizon to two Navy men in the Naval Air Station
Control Tower at Ault Field, Whidbey Island, about five miles
away, followed by the sound of an explosion which rattled the
windows of the control tower.

the bow lookout on the forecastle, (and the
only survivor of this casualty who was not in the after deck
house) was first aware of the explosion when he was knocked
down. He could see flames and light in the after part of the
ship through the shelter deck of the midship house. The sound
of tearing during the fracture was particularly noticed
by '

20. Upon separating from the stern séction, the bow section
trimmed by its stern.

After being knocked down by the first explosion,-
arose and proceeded below to the rope locker in the forecastle
to search for a life preserver, fortunately finding one there.
He returned to the main deck and proceeded up the ladder to
the forecastle head. As his head came level with the forecastle
deck, saw the mooring lines on that deck sliding aft toward:
- him. e stepped off the ladder onto a ventilation duct and
donned his 1ife preserver. The angle of inclination of the
keel with the horizontal at this time was about 30° - 45°, and
increasing,

At this moment,-witnessed another severe explosion,
this time in No. & center cargo tank. This last explosion
lifted the midship house several feet from the deck, and then
the part of the bow section in way of the midship house sank
benecath the water as the bow section agssumed an almost vertical
attitude. witnessed still more explosions, and huge
balls of fiTe Came up at him. His next recollection was that
he was in the water, surfacing. He is unsure whether he jumped
or was blown into the water. Upon surfacing, found himself
in an area where oil was burning on the water's surrace, but
he was able to swim a few strokes and get away from the burning
0oil, The port side of the stern section was nearby and
noticed that it was severed from the bow section on a diagona
line from about the after Eprt cofferdam to about the forward
portion of No. 9 tank on € oard side. After being in the
water for about 45 minutes, was rescued by a Coast Guard

helicopter.
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21, Initiallz, the forward end of the stern section heaved
upward, and thereafter the stern section took on a starboard
list which gradually increased. The 25 crewmembers who were

aft commenced taking action toward survival, The three men ,
on watch in the machinery spaces departed; Mr. I t :
engineering watch of being the first to leave; thenl_
the FWT; and finally | the Oiler. Before R v,

he descended part way down the ladder to the lower engine room
and saw water entering through a ¢rack in the forward lower
engine room bulkhead which adjoins the 3 pump room in way

of the air compressors, Chief Engineer who was on &
last tour of the machinery spaces to. agsure that everyone

had departed and that the status’ of the machinery was such

further explosions would not ogcpr from that s ordered -
out' of the engine room, dand shortly aftetwardﬁfollowed
topside. All the 44Q volt AG power had beep tripped out
y the first exptosion, .and this stopped most of the, electric
motors, ihecluding the main and.auxiliary clrculating ppmps.

22. Some of the crew obtaindd 1life présefbe:s; others found
1ife rings; but some were without any means of buoyant -
assistance. An attempt was made to lower the starboard lifeboat
(No. 3 boat) but the starboard list made it dangerous for anyone
to releage the outboard gripes, since the-inboard gripes had
been released first. Therefore, attention was directed to
lowering the port lifeboat (No. 4 boat), After some difficulcy,
this was accomplished, and most of thea surviving .crew were in
this boat. Before the falls could be released and cast off,
water from the main overboard discharge swamped the boat. 1In
the confusion and darkness, and with the boat almost filled with
water, the lever to release the falls could not be located, s0
the manila falls were cut and the boat was shoved away from

‘the side. The buoyancy tanks of'thﬁ lifeboat kept the hoat
afloat despite its being loaded with equipment and personnel

and alwost full of water. . o -

23, Prior to the arrival of rescue units, seven men remained
on board the fantail of the BUNKER HILL of their own volition;
eighteen men went over the side from the stern sectioi either

in the lifeboat or directly ipto the water; one man { :
went into the water from the bow section. The five men in the
midship house were not seen at sny time after the explosion. -
After about 45 minutes, a Coast Guard helicopter from Coast
Guard Air Station, Port Angeles, Washington and a Navy crash
boat from Naval Air Station, Whidbey Island, arrived for rescue
operations. Four men were gicked up by the Coast Guard helicopter
and the remaining 22 were picked up by the Navy crash boat. All
the survivors were given appropriate treatment according to
their individual needs, Only three were initially hospitalized,

9
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and _f of these, [lllllvas the most

seriously injured, having suffered burns of the face, hands,
and other parts of his body, plus exposure and possibly other
injuries. Later, eight more members of the crew received
medical treatment from the U.S. Public Health Service, a total
of eleven, as listed in Finding No. 4 of thils report. '

24. After the first explosion at 0402 cn 6 March, no one saw
anything er of the five persons in the midship house.
Two men, and particularly observed the bridge

but they did not see or hear anything of Captain ABRAHAM,
Junior Third Mate I, or Quartermaster [ all of
whom were on the bridge. There is gsome doubt as to the exact
whereabouts of Chief Mate BLAKE because an Able Seaman,

stated that he saw someone proceeding forward on the upper dec
at about 03 he starboard side just forward of the midship
house., Mr, had one more task in the after pump room, to
record in his notebook the serial nuwmbers of the valve sgeals,
PHILLIPS left the after pump room at 0350 and Mr. | had

not yet appeeﬂere for this final task by that time. The
bow loockout, was looking forward and he was unaware of
anyone else forward

tii tlie midshii house after Fdeparted
the bow. Concerning , the Steward, no one

could report anything except that he was presumed to be in his
room in the midship house when the explosion took place. No
trace has been found of any of the five men in the midship
house as of the date of this report. .

25. The engineering personnel who testified were unable to o
explain why the main overboard discharge flooded the No. 4 boat
when it was lowered over the side. The main circulating pump
and the auxiliary circulating pump were powered by 440 volt

AC motors. The initial explosiaon tripped out the 440 volt AC
system and it was not reactivated. Chief Engineer and .
others speculated on the possibility that the water might have
gravitated out the overboard discharge from the main condenser.

26. In less than an hour, both sections of the BUNKER HILL
sank. Two sections were located by the vessel NEPER by means

‘of sonic equipment, and these locations are shown in Exhibits

8 and 8b., The owners announced abandonment of the vessel on

" 11 March 1964. The U. S. Army, Corps of Engineers acknowledged

on 16 March 1964 the announcement of the abandonment, but
advised the Keystone Tankship Corporation not to construe the
acknowledgement as acceptance of the abandonment.

27. The BUNKER HILL had two"systems designed to reduce the
rate of corrosion in the cargo tanks, a chemical wash system

10
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and magnesium anodes. No. 9 center tank had both systems; no
other tank had both systems. The system installed in each of
the after tanks was as follows:

Tank No. Port - Center Starboard
6 Mg Anodes Chem. Wash Mg Anodes
7 Mg Anodes Mg Anodes Mg Anodes
8 Chem. Wash Chem. Wash Chem, Wash
9 Chem. Wash Mg Anodes and Chem, Wash
Chem. Wash

The chemical wash system was badly wasted and had not been used
for several years.

98. The magnesium anode installation is described in Exhibits
1la and 11b with supplementary information on Page 958 of the
Transcript of Proceedings. In general, centerline tanks which
were so equipped had 48 magnesium anodes cach and wing tanks
so equipped had 32 magnesium anodes gach. The anodes were
mounted on vertical angle iron supports which ran nearly the
full height of the cargo tank, about 32 feet to 34 feet. Four
to six anodes were attached to each support, spaced fairly
evenly from top to bottom. A typical anode consisted of a
piece of maﬁnesium of dimensions 4" x 4" x 36" which was cast
around a "'C" shaped steel bracket. The anode bracket was
attached to the angle iron support by two 1/2" steel bolts
(and nuts). There is evidence that some of these bolts were
corroded and that on several occasions, in the recent past,
magnesium anodes were found lying in the bottoms of cargo tanks.

26. A number of technmical research papers describe experiments
concerning ignitive spark production from a falling plece of
magnesium striking steel (Exhibits 15, 23, 26 and 27). These

technical publications show that there is a very great probability

that an ignitive spark would be produced if a magnesium anode,
such as existed in the cargo tanks of the BUNKER HILL, should
fall and strike the rusty steel inner bottom framing or. plating.

30. Occasionally, ladders in cargo tanks on the BUNKER HILL
would become loose because of corroded fastenings. However,
repairs were made without undue delay when this particular
deficiency was found.

11
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31. The machinery and electric equipment were in good
condition and there is no evidence that they couid have been
a source of vapor ignition. There was testimony concerning
steam leaks and other leaks from piping on deck, but these
deficiencies were corrected (or correctible) by gasket renewal
and other such simple repairs, and no one acknowledged this

as a possible source of vapor ignitiom.

32. There was no testimony that the hull structure was not
sound and seaworthy. Certain wminor cracks and holes were
noted in the cargo tank bulkheads and frames within the past
several years, but they were typical of those found in T-2
tankers and the defects were promptly repaired. On 5 March 1964,
the ship had no deficiencies to diminish the strength of the ‘
hull structure below the proper requirements. The owners had
undertaken an extensive renewal program for hull plating,
bulkheads, framing members, etc. At the time the BUNKER HILL
was lost, the owners had renewed (since 1953) a total of
2,087,639 pounds of steel at a cost of $1,063,469.52., There
were no Coast Guard issued requirements outstanding when the
‘BUNKER HILL was lost,

33, The testimony of the unlicensed members of the deck
department, including and the two pumpmen, -
related many incidents of dumping of petroleum products directly
overboard in Puget Sound,within 50 miles of the coast line
between the mouth of the Columbia River and the Straits of

Juan de Fuca,and in the Columbia River. Upon inquiry, these
witnesses testified that the incidents of pollution by the
BUNKER HILL transpired because of Chief Mate BLAKE's direct
orders. There was testimony that such practices were common

on other tankships also,

34. The 0il Record Book for Tanker, issued by the Department
of the Army, Corps of Englneers, was on board in the custody
of Chief Mate BLAKE. It was company policy to keep this
publication on board as part of the ship's records. It was
lost with the BUNKER HILL, along with all other ship's logs
and records; therefore, no information is available as to the
entries in the 0il Record Book for Tanker. :

35. The SS BUNKER HILL experienced severe vibration when
proceeding at full speed without cargo. The vibration was
most noticeable aft and diminished toward the forward end of
the ship.

12
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36. Inquiries were made of witnesses concerning the absence
ﬂthe ship of thirteen members of the crew. Chief Engineer
and Captain explained that, by terms of the
company agreement with the rine Engineers Beneficial Association,
the asslstant engineer officers were not required to be on
board for a movement of the vessel at night between Tacoma and
Anacortes, despite its being a journey of about 86 miles and
of a duration of about 6 1/2 hours. These officers stated
that this was considered to be a shift within a harbor area,
no different from a shift from one pier to another within
Seattle harbor, accqrding to the unlon contract terms. The
night engineer, Pﬁ'm was on board for the purpose
Hnding any an etween 1700 and 0800. Mr.
stood an identical 1700 to 0800 watch the previous evening.
The Certificate of Inspection requires 1-Chief Engineer,
1-First Assistant Engineer, l-Second Assistant Engineer and
1-Third Assistant Engineer.

37. The S5 BUNKER HILL was a “Four Mate'' ship, carrying a
Chief Mate, Second Mate, Third Mate and Junior Third Mate.

The last three were watch standing officers while the Chief
Mate's general duties were cargo officer and supervisor of deck
maintenance. These duties resulted in long hours of work for
Chief Mate BLAKE during the BUNKER HILL'S employment in Puget
Sound because of frequent short voyages. On 5 March 1964,

he supervised the cargo operations at Seattle and at Tacoma.
These duties required that he be up and about until midnight.
His duties carried over until at least 0330 on 6 March 1964
while he supervised tank washing operations and prepar

to receive the next cargo. The Junior Third Mate, Mrm
was on board for underway watch standing duties on 6 March, an
the Master, M. J. ABRAHAM, was on the bridge as pilot. The
Certificate of Inspection requires l-Master, 1-Chief Mate,
1-Second Mate and 1-Third Mate, _

38. The company agreement with the American Radio Association
concerning the presence of a radio officer, stipulates that
the radio officer need not be on board after arrival from sea.
The BUNKER HILL arriv n the Puget Sound area from sea on

1 March 1964, and Mr. the Radlo Officer, had
‘no duties on board aft ctually departed the
vessel for his home in on 2 March 1964, -
The Certificate of Inspection requlres io Officer.

39, The unlicensed personnel were all provided by the Natiomal

Maritime Union. Three unlicensed men on this voyage were
absent by reason of being excused by their ship's officers.
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‘One point of interest in the MU agreement was that the FWT
Oiler relieve ecach other for supper at sea. Chief Engineer
stated that each man takes about 15 minutes for supper;
therefore, for one-half hour every day the engine room was
manncd only with an engineer watch officer and one other man
(either the FWI or the Oiler). The Certificate of Inspection
requires all three men on watch in the machinery spaces.

40. There is evidence that the absences from the BUNKER HILL
of the licensed engineer officers, deck officers, and radio
officers for the voyage from Tacoma to Anacortes was not an
isolated incident nor unique to the BUMKER HILL. Other tank-
ships operating in Puget Sound have been following similarx
practices.

41, Chief Engineer-expressed an opinion that the initial
cause of the casualty was an external source; that the ship
hit something or something hit the ship. Counsel for Keystone
Tankship Corporation attempted to relate the cause of the
BUNKER HILL casualty to a mine or bowb. However, there was

no substantial evidence that the initial explosion was from
such an external source.

42. The pump rooms were equipped with liquid flooding alarm
systems which would be activated by excessive fluid in the
bilges of these compartments. The alarms were set to ring
when the fluid in the bilges exceeded about 6 to 8 inches of
depth, The alarm bell for the after pump room liquid flooding
alarm system was located at the operating platform in the
engine room. The alarm systems werc supposed to be tested
weekly. The Chief Mate he responsibility of testing these
alarms. Chief Engineer testified that these alarms were

operly tested weekly. However, the two pumpumen, *and
“ reported liquid levels in the pump rooms on and

arch to be considerably over the 6 to 8 inch depth at which
the alarms were set to ring. Chief Engineer B stated, upon
inquiry, that it was possible to tie down the float for the -
alarm so that it would not be operable. :

43. The portable radiotelegraph apparatus for the lifeboats,
.required by 46 CFR 33.15-25, was located in the midship house

of the BUNKER HILL. Because of the circumstances of this -~
casualty, it would have been impossible for the surviving crew-
members in the after deck house to have availed themselves of
this item of emergency equipment if there had been a need for it.
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CONCLUSIONS

1. The severe explosion experienced by the SS BUNKER HILL

at 0402, 6 March 1964 in Rosario Strait, was an internal
explosion in one of her after tanks. The result of this
explosion was to immediately rupture deck plating and starboard
side plating. This was shortly thereafter followed by fracturing
of the port side and bottom plating, causing a severance of the
vessel into two principal parts. The initial explosion was
accompanied by fire which persisted.

2. After the vessel was in two sections, cargo tank 4-center
exploded. This was accompanied by more fire and this, in
turn, caused further explosions in the bow section. The
explosions ruptured the deck, collapsed bulkheads, and caused
the failure of the internal structure of the bow section, with
the result that it sank rapidly.

3, The stern section, while not initially dawaged as seriously
as the bow section, experienced a rupture in the forward lower
engine room bulkhead, which is also the after bulkhead for

the after pump room. Flooding took place through this opening,
and from this it is apparent that the after pump room was also
open to the sea, The flooding of the machinery spaces through
this ruptured forward lower engine room bulkhead caused a list
to starboard and the eventual sinking of the stern section
about one hour after the initial explosion.

4. The nature and position of the structural failure, with

the port side shell plating still intact for some moments after
the explosion, makes it probable that the initial blast occurred
in 9-center or 9-starboard. The three No, 9 tanks had just

been water washed and the bazooka applied for about 5 minutes

to each tank. The treatment to the No. 9 tanks probably lowered
the petroleum vapor-air concentration to the critical range for
explosion so that only a source of vapor ignition was necessary
to detonate this concentration of explosive vapor. Tanks 6,

7, and 8, by reason of not having been washed,probably contained
too rich a vapor concentration so that ignition could not have
taken place in those tanks even if a source of vapor ignition

were present.

5. The source of vapor ignition in the cargo tank was a

falling or rubbing metallic object causing an ignitive spark.
There are several possibilities: a falling magnesium anode,

a falling piece of chemical wash system piping, or a spark

created by a loose ladder. From the technical literature appended
to this report as exhibits, it is apparent that the possibility

of the vapor ignition source being due to a falling magnesium
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anode is much more likely than either of the others. The
possibility of the ignitive spark being created by the impact

of steel-on-rusty-steel caused by the fall of a piece of

chemical wash line is considerably less, but it definitely is

a possibility. The possibilit{'that the movement of a loose
ladder caused an ignitive spark is remote, but cannot be absolutely
ruled out. However, it is the opinion of this Board that the
source of vapor ignition was due to a falling magnesium anode.
Therefore, it follows that the explosion initially occurred in
cargo Tank No. 9-center, because that is the only cargo tank

in No. 9 across which had magnesium anodes. Cargo Tanks 8-across
did not have magnesium anodes installed.

6. The falling of the magnesium anode was caused by the
deterioration of support bolts and the severe vibration of the
after end of the BUNKER HILL while underway without cargo.

7. There is no evidence whatever that this explosion was due
to bombs or mines in Rosarlo Strait or other external source,

8. The five men who are missing are presumed dead inasmuch
as there has been no trace of them since the casuslty to the
BUNKER HILL occurred. Three men e bridge:  Captain

M. J. ABRAHAM, Junior Third Mate and :
Quartermaster F Steward was

probably asleep in his room. Chief Mate R, s whereabout:
are not exactly known but from comments that he intended to

turn in and from the fact that his body has not been recovered,

it is concluded that he was in his room in the midship house

when the explosion occurred.

9, Rescue was performed efficiently by the personnel of the
Coast Cuard helicopter and the crew of the Navy crash boat.
The 26 survivors received prompt medical treatment.

10. There is evidence of a number of incidents of violation

of oil pollution acts (33 USC 1001-1015 incl. and 33 USC 431-

437 incl.) by persomnel of the BUNKER HILL in the recent past.
The responsible officers were Captain M. J. ABRAHAM and Chief
Mate Robert BLARE. Also, there is evidence that these violations
of oil pollution acts (33 USC 1001-1015 incl. and 33 USC 431-

437 incl.) are widespread on tankers, and scant heed 1s being
paid to the provisions of these laws.

11. The.violations of the oil pollution acts (33 USC 1001-1015
incl. and 33 USC 431-437 incl.g occasioned by the deliberate
draining of petroleum products on deck and then overboard, 1is

a dangerous practice., Draining petroleum products on deck
greatly increases the danger of fire and explosion, and makes
the decks slippery and hazardous to persomnel who must traverse

them.
16
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12. In general, the BUNKER HILL was a well equipped and
maintained tankship. Although an old vessel, much steel
renewal of her hull structure had been accomplished in recent
years. The machinery and electrical equipment were in good
condition. The only respect significant to this casualty in
which the vessel was materially deficient and not properly
maintained was the wastage of the magnesium anode supports
andkthe deteriorated chemical wash piping system in the cargo
tanks.

13. There was no life preserver specially provided in the
bow for the bow lookout. Present regulations do not require
that a life preserver be readily accessible and available to
the bow lookout.

14, There 1s evidence of poor organization and lack of proper
training in emergency techniques as shown by the inability of

the crew to launch the starboard No. 3 lifeboat and the confusion
in launching the port No. 4 lifeboat.

15. The main and auxiliary circulating pumps were not operating
after the initial explosion tripped out the 440 volt AC power,
Despite this, water from the overboard discharge flowed into

No. 4 lifeboat when it was launched., There was no means installed
to deflect the water from this overboard discharge from entering
the boat. Present regulations exempt vessels of the age of the
BUNKER HILL from requirements for deflectors on overbcard dis-
charges which are in way of boat launching stations.

16. The SS BUNKER HILL was inadequately manned with licensed
officers, both deck and engineering, for a voyage from Tacoma
to Anacortes, and for voyages in Puget Sound generally in the
type of operation in which this-vessel had been participating.
Considering his responsibilities and hours of work, the Chief
Mate could not be reasonably expected to stand underway deck
watches in Puget Sound. Therefore, there should have been two
watch standing Mates on board in addition to the Chief Mate.
The most serious manning deficiency was in engineering officers.
Mr, 1700 to 0800 watch on the previous evening exceeded
12 consecutive hours, and he was expected to stand another
~watch in excess of 12 hours on 5-6 March with the ship undexrway
in pilot waters much of the time. There should have been at
least two licensed assistant engineers on board for watch
standing. Concerning the radio officer, the Board is of the
opinion that he should be on board and standing watches for all
port to port transits in Puget Sound.
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17. There is evidence of violation of regulations set forth
in 46 CFR 35.30-10 in that certain ullage holes were left
open without flame screens and under no supervision whatever.
The violation of this regulation contributed to the magnitude
of this casualty in that it permitted the ignition of vapors
escaping from the ullage holes as successive tanks filled
with sea water. '

PREFACE TO RECOMMENDATIONS

In sunmation, this casualty occurred because two conditions
existed in the BUNKER HILL: (1 There was a petroleum vapor-
air concentration in one or more tanks in the critical explosive
range, and (2) There was a source of vapor ignition. If
either one of these two conditions had not existed, the BUNKER
HILL explosion and sinking could not have taken place.

Nearly all efforts toward controlling and eliminating the
hazard of tankship explosion have been aimed at eliminating
the source of vapor ignition. The rules against smoking, use
of non-sparking tools, etc., are well known to all in the
tanker industry. It is only when repairs by welding and burning
are necessary that attention is directed to gas-freeing a vessel
because, of course, at such a time the source of vapor ignition
cannot be eliminated. This process of gas-freeing a tanker
involves elimination of petroleum vapors and cleaning of the
tank so that it is free of liquid petroleum products Lo the
degree that a source of new vapor is not preseat (within certain
limits).

It is the opinion of this Board that the emphasis toward
eliminating sources of vapor ignition is correct and should
continue., However, the BUNKER HILL case vividly illustrates
that this, as a sole means of eliminating the explosive hazard
on tankers, is not enough. The BUNKER HILL was a gemnerally well
maintained vessel., However, a single oversight was sufficient
to cause its destruction. Perfect performance from human beings
is a futile expectation., But anything less than perfection in
guarding against sources of vapor ignition can result in death
and destruction. The probabilities of the situation should be
‘weighted more favorably toward the safety factors, and this
leads to our

RECOMMENDATIONS

1., It is recommended that all magnesium anodes be immediately
removed from the interiors of all tank vessels. The technical
publications which are part of this report establish that magnesium
anodes create a hotter spark, when they drop on rusty steel, than
any other commounly used anode materials. ‘
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2. It is recommended that, the instrumentation of tankers

be radically improved so that the vapor conditions inside
cargo . tanks: can be quickly determined' and continuously wonitered,
Vessels: are reasonably safe from explosion hazards on either
side ‘of the narrow critical range. Tanks must be cleaned to
avoid ‘cargo dontamination. It is possible to clean tanks
enough to assure cargo purity without bringing the vapor -air
concentration to the critical range. Under preseant practices,
supervising officers conduct tamk cleaning operations with no
knowledge of the vapor concentration in the tanks. If thare
were sufficient instrumentation to monitor the conditions it
tanks, it would be possible to avoid the hazardous critical
range, or at least take extra precautions against ignition if

it is absolutely necessary to pass through the critical range
while cleaning tanks.

3. It is recommended that the program for enforcement of the

oil pollution acts (33 USC 1001-10I5 incl. and 33 USC 431-437
incl.) be restudied. The compliance with the oil pollution

acts leaves much to be desired. The BUNKER HILL was in
violation of the provisions of these acts matty times, The

only recognition tendered to the existence of these laws was

that the persistent petroleum products, stith as diesel oil and
industrial fuel, were dumped at night t© uiftimize the possibility
of detection. For a tanker in a coastwisge trade, and this
represents the great majority of U.S. flag tankers, the Oil
Record Book is kept on board. It is beyond reasonable expectation
that Masters and Mates will make self-incriminating entries

in this book.

4. Tt is recommended that either the existing manning
requirements, as itemized on the Certificate of Inspedtion,

be rigidly enforced or, if the manning requirettents are .
unnecessarily stringent for ocean vessels when on a Lakeg, Bays
and Sounds route, that an alternate list of required_p@faﬁnnél
be specified on the Certificate of Inspection £&r guch rveutes.
The wholesale absences of personnel from the BUNKER HELL while
making long voyages in inland waters were in yielation of the
Certificate of Inspection and the Manning Regulations, A
voyage of 86 miles from Tacoma to Anacortes Canigt be equated
with shifting a vessel from pier to pier i Seattle Harbor,

but that is exactly what has taken place, 7The ¢oatinuous abseneg
of the Radio Officer after arrival in Puget Heund is a source
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of amazement and concern to the Board. Also, the practice

of operating machinery spaces shorthanded during the supper
period at sea, as described in Finding No. 39, should not

be condoned., The above practices existed on the BUNKER HILL
and from the wording of the various management-union agreements
they undoubtedly are common to other American flag vessels.

5. It is recommended that the regulation concerning portable
radiotelegraph apparatus, 46 CFR 33.15-25, be amended to
provide that the stowage of this item of equipment be in the
after deck house in tankers because of the greater probability
of its being available for use in the event of casualty,

6. It is recommended that regulation 46 CFR 33.20-1(c)(3) be
revised so that baffles, deflectors, or reach rods to skin
valves be the only means permitted to prevent water from over-
board discharges from swamping lifeboats launched in way of
these discharges. 1In this casualty, main and auxiliary
circulating pumps stopped when the first explosion took place.
Despite this, the port No. 4 boat was flooded by the overboard
discharge. A "remote means for stopping the pumps,' if it

had existed, would have been totally valueless. It is further
recommended that this regulation, as amended, be made applicable
to all vessels regardless of when built.

7. It is recommended that consideration be given to the
improvement of training for tankship personnel in emergency
procedures.

8. It is recommended that a regulation be prowmulgated to
require that life preservers be available for personnel who
perform duties in locations where it would be difficult in

an emergency for them to return -te their quarters to procure

a life preserver. The plight of the bow lookout in the BUNKER
HILL case particularly euphasizes the need for this.

9. The officers responsible for the wviolations noted in
Conclusion 10 concerning the SS BUNKER HILL are presumed dead.
Under the circumstances, it is recommended that no further
action be taken for these violations.
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10. Other than the above recommendatlons, nothing further
is offered by this Board and it is therefore recommended

that this case be closed,

R. D. S5C JTMAN
Rear Admiral, U. S. Coast Guard, Chairman

Lieutenant “Commander, U. S. Coast Guard
Member and Recorder
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